Objectives: To study the determinants of emergency department (ED) utilization for non-traumatic dental conditions (NTDCs) by adults in Massachusetts. Methods: We analyzed patient-level factors associated with ED utilization for NTDCs in Massachusetts during 2013, using the Massachusetts All Payer Claims Dataset. The primary independent variables of interest were use of preventive dental service in the year preceding the ED visit and dental insurance coverage. Key covariates included age, gender, income, day of the ED visit, payer type, and residing in a geographically designated dental health professional shortage area (DHPSA). A multilevel logistic regression model was used to estimate the odds of NTDC ED visits as compared to two other categories of ED visits. Results: 1.1 percent of all ED visits in Massachusetts were for NTDCs in 2013. Preventive dental service use in the preceding year decreased the odds (OR = 0.72) of a NTDC ED visit, whereas having dental insurance coverage increased the odds (OR = 1.1) of a NTDC ED visit. Other patient-level characteristics that significantly increased odds of a NTDC ED visit included being between 26 and 35 years of age (OR = 1.2), male (OR = 1.3), uninsured (OR = 1.7) or enrolled in Medicaid (OR = 1.2), and visiting on a weekend (OR = 1.3). Conclusions: Increased access to preventive dental services may lower likelihood of ED use for NTDCs. Interventions that target younger adults, Medicaid enrollees, and the uninsured, may be the most efficient way to lower NTDC ED use.
Introduction
Utilization of emergency departments (EDs) for dental conditions has received considerable attention in recent years. A review of the extant literature indicates that utilization of EDs for dental conditions has been increasing over the last decade. National estimates for total ED visits for all conditions increased approximately 13 percent from 2001 to 2008, while the number of ED dental visits increased over 41 percent in the same time period (1) . Most dental ED visits are for non-traumatic dental conditions (NTDCs) (2) , which are estimated to account for approximately 1-1.5 percent of all ED visits, and are reported to have increased at the rate of 4 percent per year from 1997 to 2007 (3) . This trend in increased utilization of EDs for dental conditions has continued since then, and has been reported in more recent studies as well (1, 4, 5) . Use of EDs for NTDCs is not only an inefficient use of resources but also expensive. ED dental visits have been reported to cost more than $1 billion to the healthcare system annually, with an average cost of $749 per visit (6) . Dental care provided in the ED is often incomplete and palliative; ED physicians treat pain and infection by prescribing antibiotics and/or analgesics, but do not perform restorative procedures or extractions (7) . Furthermore, most ED dental visits require follow-up care with a dentist (8) and ED settings are an unreliable source for adequate referral. The increased use of EDs for dental conditions suggests that individuals are experiencing significant barriers in accessing appropriate and timely dental care. As a result, patients live with unresolved dental problems, often associated with pain and discomfort, resulting in loss of work hours, lowered quality of life, and worse oral health outcomes (8, 9) .
Previous studies conducted at the national level have primarily focused on examining trends in utilization of EDs for NTDCs, often reporting on the rate of NTDC ED visits over time. A few studies conducted at the state and hospital level have examined certain patient characteristics associated with ED use for dental conditions (8) (9) (10) (11) . However, these studies have not examined access to dental care outside the ED as a predictor of ED use for NTDCs. Examining how access to dental care affects NTDC ED use is important, as efforts need to be not only focused on reducing ED use for NTDCs but also on developing strategies that meet oral healthcare needs of the patients by providing appropriate dental services. Thus, the purpose of this paper is to:
• Examine whether access to dental care outside the ED is a predictor of NTDC ED use, and • Compare patient characteristics associated with NTDC ED use with those associated with other ED visits.
Access to dental care outside the ED is assessed using two variables; dental insurance coverage status and utilization of preventive dental service in the year preceding the ED visit. Patient characteristics associated with NTDC ED use are compared with two types of ED visits; all-cause ED visits and ED visits for two ambulatory care sensitive conditions (ACSCs). Previous studies have used all-cause ED visits as a comparison group to examine the association of patient characteristics with NTDC ED use. Therefore, we first compared NTDC ED visits with allcause ED visits to compare our findings with other studies. Using all-cause ED visits as the only comparison group has limitations, as it includes ED visits for a range of conditions, for some of which ED use is appropriate, especially for urgent conditions. NTDCs are a part of ACSCs, hence the patient population using EDs for NTDCs would be more similar to the ACSC ED user patient population, than to the patient population using EDs for all-causes. Thus, to improve comparability between our study groups, we used ED visits for two ACSCs namely ED visits for diabetes and asthma, as another comparison group. The rationale for using ED visits for the two ACSCs is that similar to NTDC ED visits, patients need not use EDs for these ACSCs, as timely and effective outpatient care can prevent or minimize the need for an ED visit for these conditions. Thus, comparing patient characteristics associated with NTDC ED use with those associated with the two ACSCs helps to better contextualize our findings, and improves the validity of the study design.
Methods
We conducted the study using the Massachusetts All Payer Claims Dataset (MA APCD). The MA APCD includes information on healthcare coverage and services for a vast majority of Massachusetts residents. The bulk of the records in the MA APCD are medical, pharmacy, and dental claims submitted by commercial and public insurers. The MA APCD does not include data on certain types of coverage; namely Worker's Compensation, TRICARE, Veterans Health Administration, Federal Employees Health Benefit Plan, and Private insurers with under 1,000 lives. Non-governmental agencies do not receive access to traditional fee-for-service Medicare data, however records submitted under Medicare Advantage and Supplemental plans are included. Information on uninsured individuals is only included to the extent that the Health Safety Net, which is the state's uncompensated care pool pays for services. The MA APCD also includes a member eligibility file, which is an annual member enrollment file containing all eligibility records with at least one day of member eligibility within each calendar year. For this study, we used 2013 medical claims, 2012 through 2013 dental claims, and 2009 through 2013 data from the member eligibility file. Early development and availability of APCD in Massachusetts provided an opportunity to conduct this study at the state level. Due to the opportunity to link medical and dental claim files, we were able to examine aspects of dental service utilization and their relationship to ED visits for NTDCs, which has not been previously investigated.
The study population included Massachusetts residents older than 18 years of age who made a hospital based ED visit during 2013. We used the primary diagnosis variable to identify NTDC visits, all-cause ED visits, and the two types of ACSC ED visits. The following diagnostic codes were included as NTDCs: 521-521.9 (disease of hard tissues of teeth), 522-522.9 (disease of pulp and periapical tissues), 523-523.9 (gingival and periodontal disease), 525-525.9 (other diseases and conditions of the teeth and supporting structures), 528-528.9 (diseases of the oral soft tissues excluding lesions specific for gingiva and tongue). These codes have previously been used by researchers to study NTDC ED visits, and are specifically thought to represent ambulatory care sensitive dental conditions (3, 9, 12) . Similarly, the two types of ACSCs are thought to be comparable to NTDCs, as ED use for any of these conditions is considered avoidable and inappropriate use of EDs. These ACSC visits include ED visits for asthma and diabetes. The diagnostic codes used for identifying the two ACSCs were 493-493.9 (Asthma) and 250-250.9 (Diabetes). As noted, the primary variables of interest were use of preventive dental service in the year preceding the ED visit and dental insurance coverage at the time of the ED visit. Preventive dental service use was a binary variable, indicating whether a preventive dental service claim was made in the year preceding the ED visit. Preventive dental services included Current Dental Terminology (CDT) codes 01110 (Adult Prophylaxis), 01204 (Topical Fluoride Application not including adult prophylaxis), and 01206 (Topical Fluoride Varnish Application). Dental insurance coverage is categorized as a binary variable indicating whether dental insurance coverage was present at the time of the ED visit. Due to the limitations of the dataset, we were not able to assess the specific commercial source or type of dental insurance, nor the extent of the dental benefits covered, except when dental insurance coverage was provided by Medicaid. In order to better understand the effect of dental insurance coverage on NTDC ED use, we constructed a proxy measure with three levels -Medicaid dental insurance coverage, nonMedicaid dental insurance coverage, and no dental insurance coverage at the time of the ED visit. This helped to specifically distinguish the effect of Medicaid dental insurance coverage on NTDC ED use, which is of interest as previous studies have shown that Medicaid enrollees are increasingly relying on EDs for dental care (1, 13) . Additionally, another variable of interest was payer type, which refers to the payer of the ED visit, categorized as Medicaid, Medicare, commercial, self-pay, and other types of coverage. These categories are primarily based on the type of medical health insurance, with the exception of Medicaid which provides both medical and dental insurance coverage for enrollees. In addition, we accounted for several patient characteristics including age, gender, day of the ED visit, residence in a geographically designated dental health professional shortage area (DHPSA) as defined by the Health Resources and Service Administration (HRSA) and income as proxied by median household income for the patient's zip code of residence.
Statistical analysis
We computed descriptive statistics comparing the characteristics of patients who made NTDC ED visits with those who made ED visits for all-causes, and with those who made ED visits for the two ACSCs. To examine whether the variables of interest were associated with a NTDC ED visit, we used multilevel logistic regression models. We used one such model to estimate the odds of NTDC ED visits versus allcause ED visits, and another model to estimate the odds of NTDC ED visits versus ED visits for the ACSCs. To assess the effect of Medicaid dental insurance coverage on NTDC ED use, a separate model, including the three-level dental insurance coverage variable is used.
All statistical analyses were conducted using SAS version 9.4 software (SAS Institute Inc., Cary, NC, USA). Statistical significance is reported at the 0.05 level.
The Northeastern University Institutional Review Board, an internal Data Privacy Committee and an external Data Release Committee at the Center for Health Information and Analysis (CHIA) approved the study protocol.
Results Tables 1 and 2 present descriptive statistics for the study population. There were a total of 1,843,273 ED visits made by those 18 years and older in Massachusetts during 2013. 1.1 percent of these ED visits were for NTDCs, whereas NTDC ED visits accounted for 37.12 percent of the ACSC ED visits studied. The annual charges associated with these NTDC ED visits were $ 6.76 million. Over 50 percent of NTDC ED visits occurred within the younger age group, those between 18 and 35 years of age, and more than 50 percent of the visits were made by females. A majority (64.59 percent) of NTDC ED visits were paid for by Medicaid. For NTDC ED visits specifically, approximately 88 percent had dental insurance coverage at the time of the visit. By comparison, for all-cause ED visits and ACSC ED visits, approximately 71.7 and 80.4 percent had dental insurance coverage at the time of the ED visit, respectively. Only 9.4 percent of the NTDC ED visits had a preventive dental service claim in the year preceding the NTDC ED visit.
We examined the top ten NTDC diagnosis for NTDC ED visits. This analysis showed that most common primary diagnosis code for NTDC ED visits was "unspecified disorder of the teeth and supporting structures" (39 percent). Other common diagnosis codes included periapical abscess without sinus (22 percent), followed by unspecified dental caries (15 percent), acute apical periodontitis of pulpal origin (8 percent), and unspecified diseases of the oral soft tissues (5 percent). Table 1 shows the estimated odds of NTDC ED visits versus those with all-cause ED visits, and Table 2 shows the estimated odds of NTDC ED visits versus those with the two ACSC ED visits. Those who had dental insurance coverage at the time of an ED visit had increased odds of an NTDC ED visit, which means that having dental insurance coverage at the time of the ED visit increased the probability of a NTDC ED visit. Consistent with this finding regarding dental insurance coverage, having Medicaid and non-Medicaid dental insurance coverage increased the odds of a NTDC ED visit by 2.133 and 1.368 times, respectively, when compared to those with no dental insurance coverage (data included in Appendix). Indicating that the odds of a NTDC ED visit are higher for Medicaid dental insurance coverage than non-Medicaid dental insurance coverage when compared to having no dental insurance coverage at the time of the ED visit. Additionally, it is A. Ranade et al.
Determinants of non-traumatic dental ED visits important to note that the high percentage of dental coverage reported in the study population is driven by Medicaid enrollees. Utilization of preventive dental service in the year preceding the ED visit decreased the odds of a NTDC ED visit by 38.9 and 28.4 percent across all-cause ED visits and the two ACSC ED visits, respectively. This suggests that using preventive dental service in the year preceding the ED visit was associated with decreased NTDC ED use. Payer type was a significant predictor of NTDC ED visits, with higher odds of NTDC ED visits associated with Medicaid and self-pay. Overall, working age adult males between 26 and 35 years of age, uninsured or enrolled in Medicaid, visiting on a weekend, with dental insurance coverage, without preventive dental service utilization in the year preceding the ED visit and residing in a geographically designated DHPSA had increased odds of NTDC ED visits when compared to all-cause ED visits. When compared to the ACSC ED visit group, all the variables stated above except residing in a geographically designated DHPSA were associated with increased odds of NTDC ED visits.
Discussion
Our study results identified a number of factors associated with NTDC ED use. In 2013, 1.1 percent of all ED visits made by adults in Massachusetts were for NTDCs. This is consistent with national estimates of NTDC ED visits, but is not as high an estimate as reported for some other states (9, 14, 15) . Similar to findings from other studies, young adults, uninsured, and Medicaid enrollees were more likely to visit EDs for NTDCs. These factors are known to be associated with decreased access to care (13, 16) , which our findings also support. We had assumed that the patient population using EDs for NTDCs would be similar to the patient population that uses EDs for other ACSCs. However, the patient characteristics associated with NTDC ED users were significantly different from ACSC ED users. Since ED visits for ACSCs have been used to evaluate access to care, our study findings provide evidence that inadequate access to dental care is a considerable problem for some patient groups in Massachusetts. Thus, to address the issue of NTDC ED use there is a need for developing more targeted interventions and programs aimed at improving access to oral healthcare.
Utilization of preventive dental services is an established measure of access to care (14) . Prior research shows that individuals with resources in the form of finances and education, and a sense of self-efficacy as expressed in attitudes toward oral health, are much more likely to have a regular pattern of preventive care (14) . Thus, the low prevalence of preventive dental service use in the study population is concerning, and highlights a need to identify barriers in access to dental care for vulnerable populations including those with some form of dental insurance coverage. However, the protective effect of dental service utilization outside the ED in the form of preventive dental service use presents an opportunity. Utilization of preventive dental service has the potential to be an important marker for identifying those who are at an increased risk of using EDs for dental care. From the dental care delivery side, emphasizing and creating awareness regarding preventive dental care is important as oral health is often ignored given other competing health priorities. We had anticipated that those with any type of dental insurance coverage would be less likely to visit the ED for NTDCs, as insurance coverage is an established factor in improving access to care. Moreover, it has been reported earlier that when Medicaid recipients lose eligibility for dental insurance coverage they are more likely to use EDs for NTDCs (17) (18) (19) . A possible explanation for our finding may be that even with dental insurance coverage, Medicaid enrollees face persistent barriers to accessing oral health care, such as lack of availability of dental providers accepting Medicaid, competing health priorities, and limited oral health literacy (20) . In addition, and directly relevant to our analysis, there was a reduction in adult dental benefits for Medicaid enrollees in Massachusetts beginning in 2010, so that even though Medicaid enrollees had dental insurance coverage in 2013, the year of focus in this study, the actual dental benefits remained quite limited. In contrast, the reason for the association found regarding nonMedicaid dental insurance coverage and NTDC ED use is less clear. First, our measure for non-Medicaid dental insurance coverage does not provide specificity regarding the type of non-Medicaid dental insurance, nor the type and extent of dental benefits covered. The data set did not allow us to disaggregate this coverage variable by such important characteristics, and this finding should thus be interpreted with caution. For example, commercial dental insurance plans have often been reported to have high deductibles, significant co-payment amounts, out of pocket costs and annual maximum cap on coverage (21, 22) . Additionally, certain provider level factors could potentially lead to ED referrals, especially for patients who seek care after office hours with the assumption that ED visits are a covered service. Thus, the type of dental plan, extent of dental service coverage and availability of in-network dental providers may affect how individuals choose to use dental insurance, suggesting that those who have dental insurance coverage do not necessarily have regular and timely access to dental care.
Future research should further characterize dental insurance coverage components, and patient cost exposures, in order to better understand their relationship to the likelihood of NTDC ED use. Future research should also examine the impact of these insurance coverage changes on NTDC ED use, and work toward addressing the barriers experienced by Medicaid enrollees in accessing dental care. The patient characteristics outlined in this study can be used to identify high risk patient groups to be prioritized for targeted interventions and programs to reduce reliance on EDs for dental care.
Our findings are aligned with previous studies with respect to the lack of diagnostic specificity for NTDC ED visits. This suggests that ED physicians are not equipped and appropriately trained in diagnosing dental conditions (9) . An assessment of the type of treatment provided in EDs for dental conditions could potentially help identify opportunities for meeting the dental needs of the patients in the future.
The study has several limitations. In particular, claims data has inherent limitations; errors in coding, misclassification of certain variables, missing records etc. could be a source of bias. Using the primary diagnosis code alone could have underestimated the extent of NTDC ED visits. We were not able to assess other important determinants of healthcare utilization, including: disease severity, presence of other chronic conditions, patient attitudes and beliefs regarding oral healthcare. We also did not assess the cost of providing dental care in the EDs, which also limits our understanding of the full extent of impact these potentially preventable conditions have on healthcare resources.
In summary, this is the most recent state-level study done in Massachusetts describing the patient characteristics associated with NTDC ED use. Our results are consistent with findings from other national and state-level studies. Additionally, we could assess the association of utilization of preventive dental services and dental insurance coverage with NTDC ED use. The multilevel modeling approach addressed some of the methodological limitations of previous studies that have primarily used simple logistic regression models. Due to the availability of the MA APCD, we could analyze a large sample, where prior studies have used small probability samples for analysis. Using two comparison groups potentially improved the internal validity of the study design. Overall the study outlines the determinants of NTDC ED use, and specifically extends our current understanding by assessing the relationship between access to dental care outside the ED and NTDC ED use.
